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© Inverter apparatus 

© An inverter apparatus (42) includes a main cir- 
cuit/terminal board integrated module (2) composed 
of a forward conversion circuit (47), a reverse con- 
version circuit (48) and terminal boards (2A, 2B) 
thereof which are molded by resin in an integral 
structure. The main circuit/terminal board integrated 



module (2) is mounted on a cooling fin unit (1). A 
capacitor box (5) accommodating therein an electro- 
lytic capacitor (6) and a manipulation panel cover (9) 
are stacked on the module (2). whereon a power 
source substrate (3) and a control substrate (8) dis- 
posed, respectively. 
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(54) Inverter apparatus 

(57) An inverter apparatus (42) includes a main cir- 
cuit/terminal board integrated module (2) composed of 
a forward conversion circuit (47), a reverse conversion 
circuit (48) and terminal boards (2A, 2B) thereof which 
are molded by resin in an integral structure. The main 
circuit/terminal board integrated module (2) is mounted 
on a cooling fin unit (1). A capacitor box (5) accommo- 
dating therein an electrolytic capacitor (6) and a manip- 
ulation panel cover (9) are stacked on the module (2), 
whereon a power source substrate (3) and a control 
substrate (8) disposed, respectively. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an inverter 
apparatus for converting an AC power of a given 
frequency to an AC power of another given fre- 
quency. 

In recent years, the inverter apparatus is widely 
employed because of capability of driving a gen- 
eral-purpose induction motor at variable speeds 
with high efficiency in a simplified manner. In gen- 
eral, the inverter apparatus is implemented in such 
an internal structure as illustrated in Fig. 1 of the 
accompanying drawings. 

More specifically, Fig. 1 shows in a circuit 
diagram major components required for basic op- 
eration of the inverter apparatus in general. In the 
figure, the inverter apparatus as a whole is des- 
ignated by a reference numeral 42. Further, in this 
figure, reference character 47 denotes a forward 
conversion circuit, 48 denotes a backward or re- 
verse conversion circuit, 6 denotes a smoothing 
electrolytic capacitor, CNT designates an inverter 
control circuit, 42a designates a main circuit direct 
current detecting resistor, 42b designates a main 
circuit direct current detector, 42c designates an 
output frequency command circuit, 42d designates 
an external interface circuit, and a symbol IM des- 
ignates an induction motor. 

The inverter apparatus mentioned above is 
supplied with a three-phase AC power from a com- 
mercial AC line of e.g. 50 Hz or 60 Hz, wherein a 
DC power is derived from the three-phase AC 
power through the forward conversion circuit 47 
and smoothed by the capacitor C. The smoothed 
DC power is again converted to an AC power by 
the reverse conversion circuit 48. With this ar- 
rangement, the AC power of a given or desired 
frequency in a range of a low frequency of e.g. 0.5 
Hz to a high frequency of e.g. 1000 Hz can be 
supplied to the induction motor IM which con- 
stitutes a load, to thereby drive the induction motor 
IM at a speed which can be varied over a wide 
range, as desired. 

In the inverter apparatus described above, 
there is provided at the input side of the forward 
conversion circuit 47 a main circuit input terminal 
board which is equipped with terminals for con- 
necting the forward conversion circuit 47 to the 
commercial power source system, while provided 
at the output side of the reverse conversion circuit 
48 is a main circuit output terminal board equipped 
with terminals for interconnecting the reverse con- 
version circuit 48 and the load such as the induc- 
tion motor IM. 

Parenthetically, in the inverter apparatus known 
heretofore, the forward conversion circuit, the re- 
verse conversion circuit and the main circuit termi- 
nal boards are separately or individually incorpo- 



rated in the inverter apparatus, wherein the forward 
conversion circuit, the reverse conversion circuit 
and the main circuit terminal boards are intercon- 
nected by using electric wires and/or wiring sub- 

5 strate, as is disclosed in, for example, Japanese 
Patent Application laid-open No. JP-A-60-219968. 
However, in the prior art inverter apparatus, it is 
noted that substantially no consideration is paid 
concerning the disposition of the internal circuits or 

70 devices such as those mentioned above, present- 
ing a problem which can never be neglected from 
the standpoint of "miniaturization of apparatus" 
which is increasingly demanded in many fields of 
applications. In other words, the inverter apparatus 

75 known heretofore is severely limited in respect to 
the uses or applications where miniaturization of 
the apparatus is prerequisite. 

More specifically, in the case of the prior art 
inverter apparatus, the forward conversion circuit 

20 and the reverse conversion circuit are implemented 
as separate devices or units, respectively. Addition- 
ally, the main circuit terminals are also disposed 
individually. Besides, in many cases, the main cir- 
cuit terminal board is soldered to a circuit substrate 

25 or mounted on a frame, a casing or the like of the 
apparatus. 

Such being the circumstances, in the prior art 
inverter apparatus, the space required for disposi- 
tion of the forward conversion circuit, the reverse 
30 conversion circuit and additionally for disposition of 
the terminal boards as well as the space required 
for laying down electric wires among them increase 
unavoidably, providing a great obstacle to miniatur- 
ization of the inverter apparatus. 
35 Furthermore, it is imperative to supply a suffi- 

ciently smoothed DC voltage to the input of the 
reverse conversion circuit 48, which in turn means 
that a capacitor having a considerably large elec- 
trostatic capacity has to be provided in the DC 
40 main circuit. For this reason, as the main circuit 
electrolytic capacitor 6, there is usually employed 
an electrolytic capacitor, which however occupies a 
considerably large space in the inverter apparatus. 
By way of example, in the case of the conventional 
45 inverter apparatus such as described in JP-A-60- 
219968, the smoothing electrolytic capacitor for the 
main circuit is previously provided with appropriate 
mounting member for securing the capacitor or 
alternatively it is fixedly secured interiorly of the 
so inverter apparatus by using a frame and screws, 
wherein for making the electrical connection to the 
electrolytic capacitor, terminals of the latter are 
directly connected to conductor patterns of a wiring 
substrate by soldering. Alternatively conductor bars 
55 or electric wires are soldered to the electrolytic 
capacitor for allowing it to be subsequently elec- 
trically connected to a destined circuit by way of 
the conductor bars and/or electric wires. It is how- 
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ever noted that in the case of the prior art inverter 
apparatus, no consideration is paid to the fact that 
the electrolytic capacitor is an element having a 
predetermined use life, which thus involves a prob- 
lem when the electrolytic capacitor has to be ex- 
changed upon lapse of the use life thereof. 

More specifically, exchange of the main circuit 
electrolytic capacitor in the prior art inverter ap- 
paratus usually requires procedures mentioned be- 
low. 

(I) In the case where the main circuit electrolytic 

capacitor is soldered to a substrate: 

® A frame is detached from a main body of 
the inverter apparatus by removing screws. 
® A substrate is dismounted from the main 
body or die-cast member by detaching 
screws, whereupon connectors, electric wires 
and others mounted on the substrate are 
removed to allow the substrate having the 
electrolytic capacitor to be taken out from the 
inverter apparatus. 

(§) The electrolytic capacitor is then de- 
tached by fusing away the solder to be sub- 
sequently exchanged with a fresh electrolytic 
capacitor, which is then connected by solder- 
ing. 

@ The connectors, the electric wires and 
other are again connected to the substrate, 
which is then fixedly mounted on the main 
body by screws, whereupon the frame is 
mounted. 

In the procedure mentioned above, attention 
must be paid in the soldering step © such that 
through-holes and patterns formed in the sub- 
strate are protected against injury. 
(II) In the case where the main circuit electrolytic 
capacitor is mounted on a frame by screws: 
(p The frame and the substrate are dis- 
mounted from the main body by removing 
the screws and others. 

(D Molded bars or electric wire and others 
mounted on the electrode(s) of the electro- 
lytic capacitor are detached, whereon the 
electrolytic capacitor is dismounted to be re- 
placed by a new one. 

© The main body is assembled to the 
starting or original state. 

The electrolytic capacitor for the main circuit 
occupies a large proportion of the volume of the 
inverter apparatus. Thus, in the prior art inverter 
apparatus, the mounting structure for the electro- 
lytic capacitor is disadvantageous when consider- 
ing the electrolytic capacitor exchanging proce- 
dures mentioned above, presenting thus a great 
obstacle to an attempt for miniaturization as well as 
reduction of manufacturing cost. 

Further, in the inverter apparatus in which 
switching elements such as transistors are em- 



ployed, the power conversion processing requires 
indispensably switching operations, incurring gen- 
eration of relatively lots of noises, which may exert 
adverse influences to a variety of electric control 
5 devices as well as home-use destined apparatuses 
disposed in the vicinity of the inverter apparatus. 

Such being the circumstances, when the in- 
verter apparatuses is used, a noise elimination filter 
is employed for reducing the noises, as occasion 
70 requires. 

In this conjunction, it is noted that the noise 
elimination filter and the inverter apparatus are 
provided as separate units which thus have to be 
interconnected or alternatively the noise elimination 
75 filter is incorporated in the inverter apparatus as an 
integral part thereof to thereby constitute a filter 
build-in type inverter apparatus. 

However, in the hitherto known inverter ap- 
paratuses, no consideration is paid to limitation 
20 imposed on the inverter apparatus by the provision 
of the noise elimination filter as weir as limitation 
imposed on reduction of the manufacturing cost in 
the case where the filter built-in type inverter ap- 
paratus is of concern. 
25 More specifically, in the prior art inverter ap- 

paratus in which an independent or discrete noise 
elimination filter is employed, some especial mea- 
sures have to be taken upon mounting of the filter 
so that noise eliminating function can not be af- 
30 fected. To say in another way, in order to allow the 
noise attenuation characteristics of the filter to be 
fully exhibited, it is required to dispose the inverter 
apparatus and the noise elimination filter sufficient- 
ly close to each other with electrical connection 
35 path between the inverter apparatus and the filter 
being shortened to a possible minimum. Addition- 
ally, input and output conductors of the noise elimi- 
nation filter will have to be so disposed that they 
are distanced from each other to a possible maxi- 
40 mum. Besides, there may arise such a problem 
that the wiring for grounding the noise elimination 
filter and the inverter apparatus to the earth be- 
comes troublesome because those portions of the 
filter and the inverter apparatus which are to be 
45 connected to the ground potential have to be sepa- 
rated from each other. Moreover, there also arises 
such a problem that the noise eliminating function 
of the filter becomes degraded although it depends 
on the manner in which the grounding wire is laid 
so down. In reality, however, realization of the optimal 
dispositions of the noise elimination filter and the 
inverter apparatus as well as electric interconnec- 
tion with shortest path therebetween encounters a 
great difficulty because of restriction imposed on 
55 the available mounting or accommodating space 
and differences in shape and dimension between 
the inverter apparatus and the noise elimination 
filter or from the stand point of assembling proce- 
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dure. For these reasons, it has been very difficult 
to miniaturize the inverter apparatus with the noise 
eliminating function being taken into account. 

On the other hand, the prior art inverter appara- 
tus which incorporates therein the noise elimination 
filter as an integral part thereof is also disadvanta- 
geous and unprofitable in that when the inverter 
apparatus is installed for the applications where the 
noise eliminating function is not required, the filter 
circuit will then become unnecessary, which de- 
grades the cost performance of the inverter appara- 
tus, not to say of the fact that the inverter appara- 
tus is implemented unnecessarily in a large size. 

SUMMARY OF THE INVENTION 

In the light of the state of the art described 
above, it is an object of the present invention to 
provide an inverter apparatus which can be manu- 
factured in a sufficiently miniaturized size with sig- 
nificantly low cost and which can be implemented 
substantially as a general-purpose type inverter 
apparatus. 

In view of the above and other objects which 
will become apparent as the description proceeds, 
it is proposed according to a general aspect of the 
present invention that the forward conversion circuit 
and the reverse conversion circuit which constitute 
main circuits of the inverter apparatus as well as 
the terminal boards, inclusive of interconnecting 
wires thereamong, are integrally implemented in a 
module structure. 

Because the forward conversion circuit and the 
reverse conversion circuit as well as the terminal 
boards are implemented in a module and thus 
need not be mounted individually, not only the 
spaces otherwise required for mounting the compo- 
nents mentioned above separately but also wirings 
for electrical connections among them can be 
spared. Besides, space required for carrying out 
wiring work is rendered unnecessary. Thus, high 
miniaturization of the inverter apparatus can be 
achieved. 

Furthermore, because wires and/or conductor 
substrate for interconnecting the terminal boards, 
the forward conversion circuit and the reverse con- 
version circuit can be spared, the number of as- 
sembling steps can be decreased, which provides 
a great contribution to reduction of manufacturing 
cost of the inverter apparatus. 

In an inverter apparatus according to a pre- 
ferred embodiment of the invention, not only the 
inverter apparatus can be miniaturized but also the 
capacitor can easily be exchanged without need for 
a number of steps, a lot of time and skill. Addition- 
ally, the number of steps involved in manufacturing 
and assembling the inverter apparatus can remark- 
ably be decreased, which naturally leads to signifi- 



cant reduction of the manufacturing cost. 

In a preferred mode for carrying out the inven- 
tion, a frame structure of a shallow box-like shape 
may be provided as a part of a case of the inverter 

s apparatus, wherein a capacitor accommodating 
chamber is provided, into which a capacitor can 
removably be inserted. Further, connecting termi- 
nals capable of being resilientty mounted and re- 
moved (e.g. snap terminals) are provided as con- 

w necting terminals for the electrode terminals of the 
capacitor. 

The mounting or removal of the capacitor to or 
from the inverter apparatus can be accomplished 
simply by inserting or withdrawing the capacitor 

75 into or from the capacitor accommodating cham- 
ber. Further, owing to the connecting terminals 
capable of being resiliency mounted or detached, 
electrical path to the electrode terminal of the ca- 
pacitor can be formed or disconnected simply by 

20 inserting or pulling out the connecting terminal. 

Thus, the structure for accommodating the ca- 
pacitor in the inverter apparatus can be miniatur- 
ized. Besides, the exchange of the capacitor is 
much facilitated such that no skill therefor is essen- 

25 tially required. Additionally, the number of steps 
involved in assembling the inverter apparatus can 
remarkably be decreased, which of course contri- 
butes to a great reduction of the manufacturing 
cost. 

30 In another preferred mode for carrying out the 

invention, miniaturization of the inverter apparatus 
can be achieved even in the case where a noise 
elimination is to be satisfactorily realized by the 
filter regardless of conditions under which the in- 
35 verter apparatus is installed. In that case, the in- 
verter apparatus can equally be operated without 
noise eliminating function. 

In yet another preferred mode for carrying out 
the invention, the forward conversion circuit, the 
40 reverse conversion circuit, a terminal board for a 
power source and a terminal board for a load such 
as an induction motor are integrally implemented in 
an inverter unit or module, which is then disposed 
together with a noise elimination filter on one sur- 
45 face of a cooling fin unit which also serves as a 
supporting base, wherein connecting wires between 
a terminal board of the noise elimination filter and 
at least one of the terminal board for the power 
source and the terminal board for the load are 
so disposed in a local region on the aforementioned 
one surface of the cooling fin unit. 

By virtue of the structure described above, the 
inverter module implemented independent of the 
cooling fin unit serving as the base allows the use 
55 of the cooling fin unit having a size which can be 
selected rather arbitrarily. 

Since the noise elimination filter is mounted on 
the cooling fin unit, the whole structure can be 
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handled as a unit. Besides, wiring for electric con- 
nection can be performed only on the one surface 
of the cooling fin unit. 

Thus, the distance between the inverter unit or 
module and the noise elimination filter can be 5 
shortened to a minimum regardless of the con- 
ditions under which the inverter apparatus is in- 
stalled, which in turn means that the length of the 
interconnecting wire can be shortened correspond- 
ingly. Furthermore, owing to the shielding effect 10 
provided by the cooling fin unit, the filter function 
can satisfactorily be exhibited. Of course, the in- 
verter apparatus inclusive of the noise elimination 
filter can be implemented in a miniaturized struc- 
ture. 75 

It should further be added that in the applica- 
tion where noise elimination is not required, the 
inverter apparatus can be constituted only by the 
inverter unit and the cooling fin unit, which is 
profitable from the economical stand point. 20 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of the following detailed descrip- 
tion, reference is made to the attached drawings in 25 
which: 

Fig. 1 is a schematic circuit diagram showing an 
exemplary configuration of a main circuit of an 
inverter apparatus which the present invention is 
of concern; 30 
Fig. 2 is an exploded perspective view showing 
an inverter apparatus according to an embodi- 
ment of the present invention; 
Fig. 3A is a side elevational showing an outer 
appearance of the inverter apparatus according 35 
to the above embodiment of the invention; 
Fig. 3B is a top plan view of the same; 
Fig. 3C is a view similar to Fig. 3B and shows 
the same in the state in which a manipulation 
panel cover is removed; 40 
Fig. 3D is another side elevational view showing 
the same; 

Fig. 4 is a fragmentary perspective view show- 
ing a control terminal cover of the inverter ap- 
paratus shown in Fig. 2; 45 
Fig. 5A is a top plan view showing a power 
module according to an embodiment of the in- 
vention; 

Fig. 5B is an end view of the same; 

Fig. 5C is a sectional view of the same taken so 

along a line A-A in Fig. 5A; 

Fig. 6 is a circuit diagram showing a circuit 

configuration of a power module according to 

another embodiment of the invention; 

Fig. 7 is a partially exploded perspective view 55 

showing a capacitor box in an inverter apparatus 

according to yet another embodiment of the 

invention; 



Fig. 8 is a partially exploded perspective view 
showing a capacitor box in an inverter apparatus 
according to still another embodiment of the 
invention; ' 
Fig. 9 is an exploded perspective view showing 
an inverter apparatus according to a further ex- 
emplary embodiment of the present invention; 
Fig. 10 is an exploded perspective view showing 
an inverter apparatus according to a still further 
embodiment of the present invention; 
Fig. 11 is a perspective view showing an outer 
appearance of one of the inverter apparatuses 
shown in Figs. 9 and 10; 

Fig. 12 is a perspective view showing an outer 
appearance of the other of the inverter ap- 
paratuses shown in Figs. 9 and 10; 
Fig. 13A is a top plan view showing a structure 
of a capacitor box in the inverter apparatus 
shown in Fig. 9 or 10; 

Fig. 13B is a view showing a capacitor stopper 
member; 

Fig. 13C is a perspective view of the capacitor 
box in the state where capacitors are accom- 
modated; 

Fig. 14A, 14B and 14C are circuit diagrams 
showing, respectively, exemplary configurations 
of main circuits of the inverter apparatuses of 
Fig. 9 or 10; 

Fig. 15A is a top plan view showing an inverter 
apparatus including an inverter mounted on a 
cooling fin unit together with a noise elimination 
filter according to yet another embodiment of 
the invention; 

Fig. 15B is a side elevational view of the same; 

Fig. 15C is an end view of the same; 

Fig. 16 is a circuit diagram showing generally a 

circuit configuration of the inverter apparatus 

shown in Figs. 15 A, 15B and 15C; 

Fig. 17A is a top plan view showing an inverter 

apparatus according to another embodiment of 

the invention which is directed to a combination 

of an inverter unit and a noise elimination filter 

module; 

Fig. 17B is a side view of the same; 
Fig. 18A is a top plan view showing an inverter 
apparatus including a combination of an inverter 
unit and a noise elimination filter module accord- 
ing to yet another embodiment of the invention; 
Fig. 18B is a side elevational view of the same; 
Fig. 19A is a top plan view showing an inverter 
apparatus including a combination of an inverter 
unit and a noise elimination filter module accord- 
ing to still another embodiment of the invention; 
Fig. 19B is a side elevational view of the same; 
Fig. 19C is a side view of the same; 
Fig. 20A is a top plan view showing a structure 
of an inverter apparatus incorporating a noise 
elimination filter according to a further embodi- 
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ment of the invention; and 
. Fig. 20B is a side elevational view of the same. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Now, the invention will be described in detail in 
conjunction with what is currently considered as 
preferred or exemplary embodiments by referring 
to the accompanying drawings. 

Figures 2 and 3 show an inverter apparatus 
according to an embodiment of the present inven- 
tion. Referring to the figures, the inverter apparatus 
is generally comprised of a cooling fin unit 1 which 
may be formed of e.g. aluminum by die casting, a 
power module 2, a power source substrate 3. a 
flexible flat cable 4. a capacitor box 5, main circuit 
electrolytic capacitors 6 each having electrode ter- 
minals 6A, a control substrate 8, a manipulation 
panel cover 9, control circuit terminal covers 10 
and 11, capacitor accommodating chambers , 12 
formed in the capacitor box 5, a bottom entry 
socket 13, screws 14, wires 15 each having a 
fastened terminal 15A (the terminal adapted to be 
inserted in place under resiliency) and a crimped 
terminal 15B (the terminal adapted to be mounted 
in place by means of screw), a terminal pin block 
16 of the power module 2, wire holders 17, control 
circuit terminal boards 18 and 19, a vertical type 
socket 20, a horizontal type socket 21, projections 
22 for positioning the control substrate 8 to be 
held, and a digital key array 46. 

The cooling fin unit 1 is formed of e.g. alu- 
minum through die casting so as to serve as a 
supporting base for the inverter apparatus as a 
whole and is provided with a plurality of cooling 
fins. 

The forward conversion circuit 47 and the re- 
verse conversion circuit 48 described hereinbefore 
in conjunction with Fig. 1 are incorporated in the 
power module 2. In this state, the power module 2 
is packaged with the input terminal board 2A for 
the power source and the output terminal board 2B 
for the load in an integral structure having a same 
planar shape and dimensions as the cooling fin unit 
1 by using a synthetic resin. The power module 
package thus formed is then stacked on the cool- 
ing fin unit 1 and fixedly mounted thereon by using 
four screws 14. 

With the structure described above, heat gen- 
erated by the forward conversion circuit 47 and the 
reverse conversion circuit 48 incorporated in the 
power module 2 is directly transferred to the cool- 
ing fin unit 1, whereby cooling function of high 
efficiency can be realized. 

On the other hand, there are packaged or 
mounted on the power source substrate 3 a drive 
circuit for driving the reverse conversion circuit 48 



and a power source circuit required for the oper- 
ations of various circuit components. The power 
source substrate 3 is adapted to be disposed in 
horizontal orientation within the power modulo 2 

5 from the above to be accommodated therein- In 
that case, the terminal pin block 16 of the power 
module 2 is fitted into the bottom entry socke!..13 
of the power source substrate 3, whereby electric 
interconnections are formed between the circuits 

10 mounted on the power source substrate 3 and 
those on the power module 2. In this way, interface 
as. required between the power module 2 and the 
power source substrate 3 is automatically realized. 
As can be seen from Fig. 2 among others, the 

75 capacitor box 5 is formed by a preselected syn- 
thetic resin material in the form of a shallow box- 
like frame having a same widthwise dimension as 
that of the power module 2 and a longitudinal 
dimension shorter than the widthwise dimension, 

20 wherein a pair of capacitor accommodating cham- 
bers 12 are formed in juxtaposition to each other 
internally of a side wall of the capacitor box 5 
extending in the widthwise direction, while the .wall 
of the capacitor box 5 located in opposition is 

25 opened to form an aperture. The capacitor Jdox 
cover 7 is adapted to be fitted into this aperture for 
covering it 

In this conjunction, it should be mentioned that, 
as can be seen from Fig. 2, the capacitor accom- 

30 modating chamber 12 is formed in a press-fit struc- 
ture by making use of a slope at which a die is 
withdrawn upon die removal, i.e., in a structure that 
the inner diameter is decreased or tapered in the 
depthwise direction so that after insertion of the 

35 main circuit electrolytic capacitor 6, the latter is. 
further pressed into the capacitor accommodating 
chamber 12 to be thereby held rigidly at a pre- 
determined position. 

More specifically, when the capacitor box cover 

40 7 is fitted under pressure after having placed the 
main circuit electrolytic capacitors 6 in the capaci- 
tor accommodating chambers 12, respectively, the 
main circuit electrolytic capacitors 6 are further 
pushed inwardly by projections 7A formed integ- 

45 rally with the capacitor box cover 7 to be thereby 
held snugly and stationarily at the respective pre- 
determined positions under a sufficiently high fric- 
tion for preventing the electrolytic capacitors 6 from 
being inadvertently removed. 

so The connection of the main circuit electrolytic 

capacitors 6 to the inverter DC main circuit is 
realized by connecting the electrode terminals 6A 
of the electrolytic capacitors 6 inserted in the ca- 
pacitor box 5 to the DC plus-terminals and the DC 

55 minus-terminals, respectively, which are mounted 
on the input terminal board 2A of the power mod- 
ule 2. 



7 



11 EP 0 688 092 A2 ^Pl2 



Each of the electric wires 15 is provided with 
the fastened terminal 15A at one .end and the 
crimped terminal 15B ait the other end. Thus, de- 
sired electric connection can be formed by first 
mounting the crimped terminal 15B on the DC 
terminal of the input terminal board 2A of the 
power module 2 and then inserting the fastened 
terminal 15A to the electrode terminal 6A of the 
main circuit electrolytic capacitor 6. 

To this end, a pair of DC terminals mounted on 
the input terminal board 2A of the power module 2 
are connected to a P-line of plus polarity and an In- 
line of minus polarity of the DC output circuit, i.e., 
the inverter DC main circuit internally of the power 
module 2. 

Thus, in the inverter apparatus according to the 
instant embodiment of the invention, the procedure 
for mounting the electrolytic capacitor 6 can be 
much simplified. More specifically, the eiectroiytic . 
capacitor 6 can be mounted even after having 
assembled the capacitor box 5. Besides, it is un- 
necessary to disassemble the main body upon 
exchange of the electrolytic capacitor 6. To this 
end, it is sufficient to remove the capacitor box 
cover 7, pull out the fastened terminals 15A of the 
wires 15 and withdraw the electrolytic capacitor 6 
for exchange with a new one. 

Furthermore, it should be mentioned that the 
wire holders 17 are provided on the inner side of a 
left-hand side wall as viewed in Fig. 2 (or at a top 
wall as viewed in Fig. 3C) of the capacitor box 5, 
wherein the electric wires 15 are held with inter- 
mediate portions thereof being wound around the 
wire holders 17 in such a manner that the electric 
wires 15 are protected against breakage and short- 
circuit fault due to unwanted physical or mechani- 
cal contact. 

On the other hand, the capacitor box 5 is 
provided with four claws 5A, while the power mod^ 
ule 2 is formed with corresponding recesses 2C. 

Thus, with the structure of the inverter appara- 
tus according to the instant embodiment of the 
invention, the mounting of the capacitor box 5 onto 
the power module 2 can be accomplished simply 
by stacking the capacitor box 5 onto the power 
module 2 under pressure. 

The flexible flat cable 4 serves for making 
connection between the power source substrate 3 
and the control substrate 8. To this end, the power 
source substrate 3 is provided with the horizontal 
socket 21 while the control substrate 8 is provided 
with the vertical socket 20 at a rear sided thereof, 
wherein by inserting both end portions of the flexi- 
ble flat cable 4 into the vertical socket 20 and the 
horizontal socket 21. respectively, interface as re- 
quired can be established between the power 
source substrate 3 and the control substrate 8. 



Packaged on the control substrate 8 are an 
element such as a microcomputer required for con- 
trolling of the inverter, control circuit terminal 
boards 18 and 19 and additionally a digital manipu- 
5 lation key array 46 and a display device 49. 

Parenthetically, it should be mentioned that in 
the case of the inverter apparatus according to the 
instant embodiment of the invention, the control 
substrate 8 is accommodated within the capacitor 
70 box 5 at a top portion thereof. For this reason, the 
flexible flat cable 4 extends in a loop form roun- 
dabout the main circuit eiectroiytic capacitors 6 
placed within the capacitor box 5. However, it 
should be appreciated that various other connect- 
75 ing methods can be adopted by changing the dis- 
positions of the electrolytic capacitor 6, the power 
source substrate 3 and/or the control substrate 8. 

For mounting the control substrate 8, the latter 
is> held by ihe projections 22 provided internally of 
20 the capacitor box 5, whereupon the manipulation 
panel cover 9 is mounted from the above to there- 
by fixedly secure the control substrate 8 onto the 
capacitor box 5. In this conjunction, the mounting 
of the manipulation panel cover 9 onto the capaci- 
25 tor box 5 can be accomplished by fitting claw 
members 9A into corresponding slots. 

Figure 3A is a side eievational showing an 
outer appearance of the inverter apparatus accord- 
ing to the instant embodiment of the invention, Fig. 
30 3B is a top plan view of the same, Fig. 3C is a view 
similar to Fig. 3B and shows the same in the state 
in which the manipulation panel cover 9 is re- 
moved, and Fig. 3D is another side eievational view 
showing the same. 
35 As can be seen from these figures, the power 

module 2 is fixedly stacked on the cooling fin unit 
1. Thus, heat generated in the inverter main circuits 
including the forward conversion circuit 47, the 
reverse conversion circuit 48 and other is trans- 
40 ferred to the cooling fin unit 1 by way of a metal 
substrate on which the circuits mentioned above 
are mounted to be thereby dissipated to the am- 
bient air from the cooling fin unit 1. In this way, the 
cooling function as required can be realized. 
45 Further, since the capacitor box 5 and the 

manipulation panel cover 9 are stacked sequen- 
tially in this order at the top side of the power 
module 2, i.e., in opposition to the cooling fin unit 
1, the inverter apparatus assumes in general an 
so outer appearance similar to that of a general-pur- 
pose electromagnetic switch with the input terminal 
board 2A being disposed at one end (upper end) 
while the output terminal board 2B is disposed at 
the opposite end (lower end). 
55 Thus, when various commands such as a fre- 

quency command are inputted to the inverter ap- 
paratus from a predetermined external device con- 
nected to the control circuit terminal boards 18 and 
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19 or alternative by operator by manipulating the 
digital key array 46 after connection of the electric 
wires extending from the three-phase AC power 
source to R-, S- and T-terminals of the input termi- 
nal board 2A and connection of the wires extending 
from the induction motor IM to IK V- and W- 
termjnals of the output terminal board 2B, the cor- 
responding command signals are fetched by the 
microcomputer mentioned hereinbefore, whereby 
inverter drive signals are newly generated by the 
microcomputer in dependence on the input signals 
to be transmitted to the power source substrate 3 
by way of the flexible flat cable 4 and ultimately to 
the power module 2 for controlling the inverter. In 
this manner, the induction motor IM can be driven 
at a desired speed which is of course variable. 

Further, at the same time, various signals from 
the . power module 2 is transmitted to the control 
substrate 8 from the power source substrate 3 via 
the flexible flat cable 4 and fetched by the micro- 
computer to be utilized in carrying out various 
processings as required. 

As will now be appreciated from the foregoing 
description, the number of screws required for as- 
sembling the inverter apparatus can be decreased 
to only four screws for mounting the power module. 
The succeeding mounting of the capacitor box 5 
and the manipulation panel cover 9 can be 
achieved by stacking them sequentially and engag- 
ing the claw members in the associated recesses, 
respectively. Thus, the mounting procedure can be 
much facilitated with the number of assembling 
steps as involved being decreased. 

Provided at both ends of the manipulation pan- 
el cover 9 are the terminal boards 18 and 19 of the 
control substrate 8, in correspondence to which 
there are provided the control circuit terminal cov- 
ers 10 and 11 of a structure capable of being 
opened and closed in the manipulation panel cover 
9, as can be seen in Figs. 2 and 3. Accordingly, 
when the control circuit terminal boards 18 and 19 
are not used, faults such as occurrence of short- 
circuit, contact failure and others due to invasion of 
dust and the like can positively be prevented by 
closing the covers mentioned above. 

Figures 5A, 5B and 5C show an embodiment of 
the power module 2. As can be seen from a circuit 
diagram of Fig. 6 t the power module 2 according to 
the instant embodiment of the invention is com- 
prised of the forward conversion circuit 47, the 
reverse conversion circuit 48, the input terminal 
board 2A, the output terminal board 2B, a tempera- 
ture detecting element 43 such as a thermistor 
element or the like for detecting the temperature of 
the reverse conversion circuit 48, the terminal pin 
block 16 for making interface with the drive circuit 
for driving the reverse conversion circuit and the 
power source circuit, and a main circuit direct 



current detecting resistor 42a, wherein all the com- 
ponents except for the input terminal board 2A and 
the output terminal board 2B are mounted ortthe 
metal substrate in a same plane and packaged in 
s an integral structure by a preselected synthetic 
resin after wiring in a pattern corresponding to;the 
connections shown in Fig. 6. 

The forward conversion circuit 47 is imple- 
mented in the form of a three-phase bridge rectifier 
to circuit which is comprised of six diodes connected 
in a bridge form. The DC output of the forward 
conversion circuit 47 is connected to the reverse 
conversion circuit 48 via a main circuit DC bus. 
The input terminal board 2A is provided with 
75 five terminals including power receiving input termi- 
nals R, S and T and DC voltage terminals P and N, 
wherein the power input terminals R, S and T are 
connected to AC input points, respectively, which 
are provided, respectively, by three diode series 
20 connections of the three-phase bridge rectifier cir- 
cuit constituting the forward conversion circuit 47. 
Connected to the power input terminals R, S and T 
is a commercial three-phase AC power source of 
50 Hz, 60 Hz or other frequency. 
25 On the other hand, the DC voltage terminals P 

and N of the input terminal board 2A are connected 
to the main circuit DC bus which is supplied with a 
DC power outputted from the forward conversion 
circuit 47, wherein capacitors disposed externally 
30 of the power module 2 are connected to the DC 
voltage terminals P and N for smoothing the DC 
voltage, as described hereinafter. 

The reverse conversion circuit 48 has six arms 
each including an insulated gate bipolar transmitter 
35 (IGBT) and a fly-wheel diode connected in an- 
tiparallel to each other. The reverse conversion 
circuit 48 is implemented in the form of a three- 
phase inverter circuit by interconnecting the above- 
mentioned six arms in a bridge circuit between the 
40 plus (P) line and the minus (N) line of the main 
circuit DC bus, wherein the three arm serial con- 
nections define the three-phase AC output points, 
respectively. 

The output terminal board 2B is provided with 
45 three AC output terminals U. V and W which are 
connected to three-phase AC output points of the 
reverse conversion circuit 48, respectively, wherein 
the induction motor IM constituting a load of the 
inverter apparatus is connected to these AC output 
so terminals U, V and W. 

The main circuit direct current detecting resis- 
tor 42a is provided for the purpose of converting 
the current flowing through the N-line of the main 
circuit DC bus into a voltage which is to be ex- 
55 tracted externally, while the temperature detecting 
element 43 is adapted for detecting the tempera- 
ture of the IGBT (Insulated Gate Bipolar Transistor) 
element incorporated in the reverse conversion cir- 
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cuit 48 to thereby obtain a signal which is utilized 
for protecting the IGBT element against thermal 
destruction. 

The terminal pin block 16 serves as a circuit 
interfacing module to which wires for inputting a 
gate drive signal for the IGBTs of the power mod- 
ule 2 and taking out the main circuit DC voltage 
signals and the main circuit direct current value 
detected internally of the power module 2 as well 
as the temperature detection signal of the reverse 
conversion circuit 48 from the. power module 2. 

Now, turning back to Fig. 5, the structure of the 
power module 2 will be elucidated in detail. 

In the inverter apparatus according to the in- 
stant embodiment of the invention, the power mod- 
ule 2 is made of a synthetic resin generally in the 
form of an elongated coverless rectangular box of a 
shallow depth, wherein the input terminal board 2A 
and the output terminal board 2B are symmetrically 
disposed at opposite ends of the box as viewed in 
the longitudinal direction thereof in the integral 
structure of the power module 2, as can be seen in 
Fig. 5. Formed in the bottom wall of the box-like 
power module 2 at corner portions thereof are 
through-holes 45 for mounting the cooling fin unit 
1, as described later on. 

At this juncture, it should be mentioned that the 
inverter apparatus according to the instant embodi- 
ment of the invention is primarily contemplated to 
be mounted in a vertical orientation on a wall of a 
building with the input terminal board 2A being 
located atop while the output terminal board 2B is 
positioned at the bottom. 

The power module 2 is manufactured in the 
manner described below. 

The elements or components constituting the 
main circuits such as the forward conversion circuit 
47, the reverse conversion circuit 48, the tempera- 
ture detecting element 43 for the reverse conver- 
sion circuit and the main circuit direct current de- 
tecting resistor 42a are mounted on a metal sub- 
strate. More specifically, the metal substrate is 
formed substantially in a rectangular shape, 
wherein the forward conversion circuit 47 and oth- 
ers mentioned above are mounted on one surface 
of the metal substrate. Subsequently, the input 
terminal board 2A, the output terminal board 2B 
and terminal members constituting the individual 
terminals of the terminal pin block 1 6 are prepared 
and wires are laid among the terminal members 
and the individual elements constituting the main 
circuits mentioned above in such a manner as 
illustrated in Fig. 6. In that case, the terminal mem- 
bers are positioned in correspondence to the in- 
dividual terminals of the input terminal board 2A 
and 2B and the terminal pin block 16 which are to 
be formed by the terminal members. By way of 
example, the terminal members which are destined 



to constitute the individual terminals of the input 
terminal board 2A and the output terminal board 
2B, respectively, are positioned at opposite ends of 
the metal substrate disposed horizontally so as to 
5 project laterally from the respective ends of the 
metal substrate. 

Next, the metat substrate having the forward 
conversion circuit 47, the temperature detecting 
element 43 for the reverse conversion circuit and 
io the main circuit direct current detecting resistor 
42a and others mounted thereon is so positioned 
that the components mentioned just above are lo- 
cated within the power module 2 at a region in- 
dicated by a phantom line, whereupon the whole 
75 assembly is molded to an integral structure by 
using a preselected synthetic resin so that the 
terminal members mentioned above constitute the 
terminals of the input terminal board 2A, the output 
terminal board 2B and the terminal pin block 16, 
20 respectively. In this way, the power module 2 is 
manufactured. 

Thus, in the inverter apparatus, now under con- 
sideration, the main circuits of the inverter inclusive 
of the terminal boards are integrated to a resin 
25 molded structure of the power module 2 in the 
state where the wires have already been laid for 
interconnecting the individual components. Accord- 
ingly, works for mounting individually the forward 
conversion circuit 47, the reverse conversion circuit 
30 48 and others as well as laying the wires among 
the main circuits of the power module 2 can be 
completely spared, which is very advantageous in 
that the manufacturing process is remarkably sim- 
plified. 

35 Besides, because extraneous spaces otherwise 

required for the works for the mounting and the 
wiring can be spared, desired miniaturization of the 
inverter apparatus can be achieved. 

In the inverter apparatus according to the in- 

40 stant embodiment of the invention, the electrolytic 
capacitors for the main circuit are mounted within 
the capacitor box, wherein the electrolytic capaci- 
tors are connected to the P- and N-terminals of the 
main circuit terminal board by way, of wires laid 

45 internally of the inverter apparatus. However, the 
invention is never limited to such arrangement. The 
electrolytic capacitor may be disposed at a location 
independent of the power module 2 and connected 
to the P- and N-terminals by way of wires laid 

so externally of the power module. 

The inverter apparatus according to the instant 
embodiment of the invention provides numerous 
advantages and profits enumerated below: 

(1) Considerable miniaturization of the inverter 
55 apparatus as a whole can be achieved. 

(2) Because of remarkable reduction of the as- 
sembling steps as required, the manufacturing 
cost can considerably be reduced. 
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(3) Since the terminals for the power source and 
those for the load (induction motor) are disposed 
in opposition to each other, the wiring can be 
much facilitated. 

(4) Because the inverter apparatus can be 
mounted on a switch board together with con- 
ventional electro-magnetic switches, electrical 
connection of the inverter apparatus can be 
made through a conventional procedure with 
erroneous connection being essentially ex- 
cluded. 

(5) Since the mounting, position for the smooth- 
ing capacitor can arbitrarily be selected, a sig- 
nificant freedom in design can be obtained when 
the inverter apparatus is to be installed within a 
user's electric instrument housing box. 

In the case of the inverter apparatus described 
above, the electric connection for the electrolytic 
capacitor 6 placed within the capacitor box 5 is 
made by using the electric wires 15. 

Consequently, when the electrolytic capacitor 6 
is to be exchanged with a fresh one, it is required 
to remove the fastened terminals 15A fitted onto 
the associated electrode terminals of the capacitor. 

Although the procedure involved in detaching 
the fastened terminal 15A is not troublesome, such 
procedure should preferably be spared, if it is 
possible. 

Now, another embodiment of the invention di- 
rected to the capacitor box 5 will be described. 

Figure 7 shows a structure of the capacitor box 
5 according to another embodiment of the inven- 
tion. In Fig. 7, a reference numeral 23 denotes a 
conductor bar formed of an electrically conductive 
material such as a copper strip and embedded on 
the frame (wall portion) of the capacitor box 5, a 
numeral 24 denotes a connector connected to the 
DC main circuit of the power module 2, a numeral 
25 denotes a fastened terminal mounted on a tip 
end of the conductor bar 23, and a numeral 26 
denotes a terminal pin portion formed in the con- 
ductor bar 23 at a tip end thereof. With regards to 
other structural respects, the capacitor box 5 now 
under consideration is substantially same as the 
embodiment described hereinbefore in conjunction 
with Figs. 2 to 6. Parenthetically, it should be 
mentioned that the capacitor box 5 is illustrated as 
a transparent box only for convenience of the de- 
scription. 

The fastened terminal 25 is mounted as projec- 
ting into the capacitor accommodating chamber 12 
provided internally of the capacitor box 5 at such a 
position that upon insertion of the electrolytic ca- 
pacitor 6 within the capacitor accommodating 
chamber 12, the electrode terminal 6A thereof can 
engage with the fastened terminal 25. 

The terminal pin block 26 is also so formed as 
to extend into the capacitor box 5. By putting the 



connector 24 into engagement with the terminal pin 
block 26, the conductor bar 23 is electrically con- 
nected to the DC circuit of the power module.2. 
Thus, by inserting the electrolytic capacitor 6 
5 within the capacitor box 5 from the side - of the 
electrode terminal 6A, placing the electrolytic, ca- 
pacitor 6 in the capacitor accommodating chamber 
12 and then fitting the capacitor box cover 7 (not 
shown) from the rear side, the main circuit capaci- 
10 tor 6 is pushed into the capacitor accommodating 
chamber 12 with the electrode terminals 6A being 
inserted into the fastened terminals 25. Simply 
through this procedure, mounting of the electrolytic 
capacitor 6 onto the capacitor box 5 and electrical 
75 connection thereof to the DC main circuit can si- 
multaneously be accomplished. 

Thus, with the structure of the capacitor box 5 
now. under consideration, it is sufficient for mount- 
ing the capacitor box 5 on the main body to fit the 
20 projection 22 onto the terminal pin block 26 and 
then insert the electrolytic capacitor 6. Accordingly, 
upon exchange of the electrolytic capacitor 6, it is 
sufficient to pull out the electrolytic capagitor 6 
without need for detaching the fastened terminal 
25 15A of the electric wire 15. Of course, it is unnec- 
essary to disassemble the main body for exchang- 
ing the electrolytic capacitor 6 with a new one. 

Figure 8 shows a modification of the capacitor 
box 5 shown in Fig. 7. In Fig. 8, reference numeral 
30 27 denotes a terminal pin. numeral 28 denotes a 
pin receptacle formed in the case frame of the 
power module 2, and numeral 29 denotes an elec- 
trical conductor bar. Except for these components, 
others are essentially same as those described 
35 previously by reference to Fig. 7. Also in Fig. 8, the 
capacitor box 5 is illustrated as a transparent box 
only for convenience of the description. 

The terminal pin portion 27 is formed at an end 
of the conductor bar 23 and projects in the direc- 
40 tion toward the power module 2 from the wall of 
the capacitor box 5. as can be seen in the figure. 

The pin receptacle 28 is implemented as a 
socket formed integrally with the wall of the power 
module 2 which opens at a position adjacent to the 
45 wall of the capacitor box 5 and is connected to the 
conductor bar 29. 

The conductor bar 29 in turn has one end 
bonded to the conductor bar 29 and the other end 
connected to DC main circuit of the power module 
50 2. 

Thus, upon assembling of the main body of the 
inverter apparatus, it is only required to stack the 
capacitor box 5 on the power module 2 so that the 
terminal pin portions 27 are inserted in the open- 
ss ings of the pin receptacles 28, as indicated by an 
arrow in Fig. 8, whereby the conductor bar 23 
connected to the electrode terminal 6A of the elec- 
trolytic capacitor 6 is contacted to the DC main 



11 



19 



EP 0 688 092 A2 



• 



circuit of the power module 2. By virtue of this 
structure, the connector 24 employed in the ca- 
pacitor box shown in Fig. 7 can be spared, which 
means that the manufacturing steps can signifi- 
cantly be decreased with the cost being corre- 
spondingly reduced. 

By the way, installation and connection of the 
electrolytic capacitor 6 are essentially same as 
those described hereinbefore in conjunction with 
the capacitor box shown in Fig. 7. Accordingly, 
repeated description will be unnecessary. 

In the inverter apparatuses, described in the 
foregoing, when the inverter apparatus is installed 
in such state that the input terminal board 2A and 
the output terminal board 2B are vertically oriented, 
mounting and removal of the electrolytic capacitor 
6 are performed from a lateral side of the capacitor 
box 5, as can be seen from Figs. 2 and 3. How- 
ever, the inverter apparatus may be configured 
such that the capacitor can be inserted or taken out 
from the top or bottom side in the state where the 
inverter apparatus is installed in the same orienta- 
tion as mentioned above, an exemplary embodi- 
ment of which will be described below. 

Figures 9 and 10 are exploded perspective 
views of an inverter apparatus according to another 
embodiment of the invention. In these figures, parts 
same as or equivalent to those described herein- 
before by reference to Fig. 2 are denoted by like 
reference characters. 

In this conjunction, structural difference be- 
tween the inverter apparatus shown in Fig. 9 and 
the one shown in Fig. 10 is seen only in the 
connection of the main circuit capacitor 6. 

At first, it should be mentioned that in the case 
of the embodiment shown in Fig. 9, the inverter 
apparatus is intended for application to a three- 
phase power source of 200 V, as shown in Fig. 
14A, and a single-phase power source of 200 V, as 
shown in Fig. 14B. Accordingly, a pair of main 
circuit capacitors 6 are connected in parallel with 
each other. 

On the other hand, the inverter apparatus 
shown in Fig. 10 is designed for application to a 
single-phase power source of 100 V. For this rea- 
son, the forward conversion circuit 47 is imple- 
mented in the form of a voltage doubler full-wave 
rectifier circuit for deriving the output voltage of 
200 V from the reverse conversion circuit 48 on the 
condition that the input voltage to the forward con- 
version circuit 47 of the inverter apparatus is 100 
V. To this end. it is required to connect the two 
main circuit capacitors 6 in series to each other. 
Thus, the pair of capacitors 6 are connected in 
series, wherein the electric wire 15 is led out from 
the junction between the capacitors 6. 

As mentioned previously, the inverter ap- 
paratuses shown in Figs. 9 and 10 are substantially 



same with regards to the parts denoted by same 
reference characters as those used in the descrip- 
tion of the inverter apparatus shown in Fig. 2. 
Accordingly, the following description will be di- 

5 rected primarily to those portions which differ from 
the inverter apparatus shown in Fig. 2. 

In Figs. 9 and 10, reference numerals 30 and 
31 denote terminal board covers, respectively, nu- 
meral 32 denotes an interface connector, 33 de- 

10 notes a control-circuit substrate cover, 34 denotes 
a surface cover, 35 denotes a digital manipulation 
panel. 36 denotes a capacitor stopper, 37 denotes 
DIN rail mounting fins, 38 denotes cooling fin fixing 
screws, 39 denotes a screw to be connected to the 

75 ground potential, 40 denotes digital manipulation 
panel fixing screws, 41 denotes wire through-holes, 
and reference character 12A denotes grooves 
formed in the capacitor accommodating chamber 
12. 

20 In the first place, it should be mentioned that in 

the case of the inverter apparatuses shown in Figs. 
9 and 10, the main circuit terminal boards 2A and 
2B are provided with the terminal board covers 30 
and 31 , respectively. 
25 More specifically, the terminal board covers 30 

and 31 are removably mounted on the main circuit 
terminal boards 2A and 2B, respectively, so that 
upon connection of the electric wires to the termi- 
nal board, the terminal board cover 30 or 31 is 
30 removed and otherwise held in the state mounted 
on the terminal board, as shown in Figs. 11 and 12. 

Since the main circuit of the inverter handles a 
high voltage, contact with the fittings of the input 
terminal board 2A or 2B is dangerous for the 
as operator. Besides, intrusion of metallic pieces may 
give rise to occurrence of short-circuit fault. 

However, in the case of the inverter apparatus 
now under consideration, the main circuit terminal 
board is covered with the terminal board covers 30 
40 and 31 when the inverter apparatus is in service, as 
can be seen from Figs. 11 and 12. Thus, the 
inverter apparatus can be protected against un- 
foreseen accidents. 

In the inverter apparatus shown in Figs. 9 and 
45 10, the interfacing connector 32 is mounted on the 
control substrate 8. 

Thus, the user can easily make connection 
upon interfacing with external equipment. 

Further, in the inverter apparatus under discus- 
so sion, the interfacing connection module is divided 
into two interfacing connectors 32. Thus, a control 
signal line which is to be used frequently may be 
connected to one of the interfacing connectors 32 
while other signal line may be connected through 
as the other interfacing connector 32. 

In the inverter apparatus shown in Figs. 9 and 
10, the control-circuit substrate cover 33 is moun- 
ted on the control substrate 8, wherein the surface 
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cover 34 may be mounted on or over the control- 
circuit substrate cover 33, as shown in Fig. 11. or 
alternatively the digital manipulation panel 35 may 
be disposed on the control-circuit substrate cover 
33, as the case may be. 

In other words, the number of the functions 
which can be selected by the user is increased in 
the case of the inverter apparatus according to the 
instant embodiment of the invention. 

Parenthetically, the surface cover 34 is remov- 
ably mounted on the control-circuit substrate cover 
33 by fitting the claws into the recesses, while the 
digital manipulation panel 35 is removably secured 
by using screws 40. 

Furthermore, in the inverter apparatuses shown 
in Figs. 9 and 10, the capacitor accommodating 
chamber 12 is formed with a plurality of grooves 
12A (e.g. three grooves), as is shown in Fig. 13A. 
In one of these groves, a capacitor stopper 36 
shown exaggeratedly in Fig. 13B is fixedly fitted in 
such a manner as shown in Fig. 13C. 

In general, in the inverter apparatuses, it is 
required to use the capacitor having the electro- 
static capacity which differs in dependence on the 
rated output power. By way of example, one of the 
capacitors 6 having electrostatic capacities of 180 
UF, 330 uF and 470 uF will have to be selectively 
used. 

As the capacitor, a cylindrical one is conven- 
tionally used. In that case, the electrostatic capacity 
of the capacitor is changed usually by changing 
the length thereof with the diameter being left in- 
tact. Thus, the capacitor of greater electrostatic 
capacity has a correspondingly increased length. 

Accordingly, in the inverter apparatus now un- 
der consideration, the position of the groove 12A is 
adapted to be changed in correspondence to the 
lengths of the capacitors having different electro- 
static capacities. By way of example, when the 
electrolytic capacitor having the electrostatic ca- 
pacity of 180 M-F is to be used, the capacitor 
stopper 36 is disposed in the groove 12A as in- 
dicated at 180 in Fig. 13A. Similarly, in depen- 
dence on the electrostatic capacities of the electro- 
lytic capacitors, the capacitor stopper 36 is fixedly 
fitted in the groove 12A indicated at 330 or 470. 

In this manner, in the inverter apparatus ac- 
cording to the instant embodiment of the invention, 
a given one of the electrolytic capacitors having 
different electrostatic capacities can selectively be 
used. In other words, when electrolytic capacitors 
having different lengths are to be used for the 
inverter apparatuses of different rated capacities, 
the capacitor stopper 36 can be used for determin- 
ing the position at which the electrolytic capacitor 6 
of a given length is to be fixedly and stably dis- 
posed. 



Although three grooves 12A are provided in the 
case of the inverter apparatus according to the 
instant embodiment of the invention, it goes without 
saying that two or more grooves may beprovided. 
5 Again referring to Fjgs. 9 and 10, the DIN rail 

mounting fins 37 is secured onto the cooling fin 
unit 1 by means of screws 38 for allowing the 
inverter apparatus to be used even in the system 
where a DIN rail is employed. 
70 The phrase "DIN rail" means a member for 

mounting a switch board as stipulated in the Ger- 
man Industrial Standards, which is widely used in 
European countries. Thus, the inverter apparatus 
according to the instant embodiment of the inven- 
75 tion can find applications over a wide range. 

In conjunction with the inverter apparatuses 
shown in Figs. 9 and 10, it should further be noted 
that the capacitor box 5 is formed with wire 
through-holes 41 through which the electric wires 
20 15 of the electrolytic capacitor 6 are led out to be 
directly connected to the terminals of the input 
terminal board 2A for the power source. 

The input terminal board 2A is provided with 
the terminals for R-, S- and T-phases of the com- 
25 mercial power source together with P- and N-termi- 
nals for the DC power. Thus, by connecting two 
electric wires 15 extending from the electrolytic 
capacitors 6 to the P-and N-terminals. respectively, 
of the input terminal board 2A, the inverter appara- 
30 tus can serve as a three-phase power source of 
200 V, as shown in Fig. 14A or alternatively as a 
single-phase power source of 200 V, as shown in 
Fig. 14B. On the other hand, by connecting three 
electric wires 15 extending from the main circuit 
35 electrolytic capacitors 6 to the P- and N-terminals 
and those for S- and N-phases of the input terminal 
board 2A, as shown in Fig. 10. the inverter appara- 
tus can serve as a single-phase power source of 
100 V. In other words, the inverter apparatus ac- 
40 cording to the instant embodiment of the invention 
can operate as the single-phase inverter of 200 V 
or as the single-phase inverter of 100 V simply by 
changing the electric connections for the electro- 
lytic capacitors without any material modification of 
45 the inverter apparatus which is originally imple- 
mented as a three-phase inverter of 200 V. 

By the way, the inverter apparatus shown in 
Figs. 9 and 10 is implemented such that the main 
circuit capacitor 6 is mounted or removed from the 
so top of the capacitor box 5. It should however be 
mentioned that the inverter apparatus may equally 
be so structured that the electrolytic capacitor 6 
can be mounted or removed from a bottom side. 
Of course, the inverter apparatus shown in 
55 Figs. 9 and 10 may have such a structure that the 
electrolytic capacitor 6 can be mounted and/or 
removed from a lateral side of the capacitor box 5 
and hence from a lateral side of the inverter ap- 
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paratus. 

It will now be appreciated that with the struc- 
tures of the capacitor box described above, the 
number of assembling steps can be decreased, 
whereby the manufacturing cost of the inverter 
apparatus can significantly be reduced. Besides, 
because the direction along which the smoothing 
capacitor is inserted and/or removed can be se- 
lected rather arbitrarily, there can be obtained a 
great freedom in design in installing the inverter 
apparatus within an electric device housing box. 

Next, description will turn to an inverter appara- 
tus 42 according to another embodiment of the 
invention in which an inverter implemented by us- 
ing the power module 2 described above and a 
noise elimination filter are disposed on the cooling 
fin unit. 

Figures 15A, 15B and 15C show in a top plan 
view, a side elevational view and an end view, 
respectively, an inverter apparatus including an in- 
verter mounted on a cooling fin unit with a noise 
elimination filter being inserted at the power source 
side of the inverter according to a further embodi- 
ment of the invention. In these figures, reference 
numeral 63 denotes an inverter unit, numeral 52 
denotes a metal case of the inverter unit 63, nu- 
meral 53 denotes a noise elimination filter module, 
numeral 54 denotes a metal case of the noise 
elimination filter module 53, numeral 55 denotes a 
cooling fin unit, characters 2A and 2B denote termi- 
nal boards for the inverter unit 63, numerals 58 and 
59 denote terminal boards for a noise elimination 
filter module 53, numeral 60 denotes a conductor 
bar, numeral 61 denotes screws for securing the 
inverter unit 63, numeral 62 denotes screws for 
securing the noise elimination filter module 53, and 
a numeral 39 denotes a screw serving as an earth 
terminal. 

A major part of the inverter unit 63 is con- 
stituted by the forward conversion circuit 47, the 
smoothing capacitor 6 and the reverse conversion 
circuit 48, as shown in Fig. 16. The AC input of the 
forward conversion circuit 47 is connected to the 
input terminal board 2A for the power supply, while 
the AC output of the reverse conversion circuit 48 
is connected to the output terminal board 2B for a 
load. 

The components mentioned above are assem- 
bled in a unit and housed within the metal case 52, 
which is then fixedly mounted on a surface of the 
cooling fin unit 55 by means of four screws 61 . 

On the other hand, the noise elimination filter 
module 53 is comprised of a filter circuit 53A, a 
surge absorber circuit 53B, an arrester element 
53C and an internal earth line 53Q, wherein the 
terminal board 58 for the power source is con- 
nected to the noise elimination filter module 53B, 
the terminal board 59 on the side of the inverter is 
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connected to the filter circuit 53A, and wherein the 
internal earth line 53D serves for connecting a 
capacitor C1 constituting a part of the filter circuit 
53A and the arrester element 5i3C to the metal 
s case 54, as can be seen from Fig. 16. 

The components mentioned above are assem- 
bled to a single unit and housed within a metal 
case 54 to be mounted on a fiat surface of the 
cooling fin unit 55 by means of four screws 62. 
io The conductor bar 60 is employed for intercon- 

necting the inverter unit 63 and the noise elimina- 
tion filter module 53. More specifically, the conduc- 
tor bar 60 is interposed between the terminal board 
59 of the noise elimination filter module 53 and the 
75 input terminal board 2A of the inverter unit 63 for 
electrical interconnection thereof. 

Thus, by connecting the terminal board 58 of 
the noise elimination filter module 53 to the AC 
power source, an AC voltage is supplied to the 
20 inverter unit 63 to be converted to a DC voltage by 
the forward conversion circuit 47, wherein ripple 
components of the DC voltage are suppressed by 
the smoothing capacitor 6. The smoothed DC volt- 
age is then supplied to the reverse conversion 
25 circuit 48 to be converted to an AC voltage of a 
variable . frequency, which is then outputted from 
the output terminal board 2B to 1 be supplied to a 
load such as an induction motor. 

Since the AC-to-DC conversion is realized by 
30 switching operation of the reverse conversion cir- 
cuit 48 of the inverter unit 63, as mentioned herein- 
before, high-frequency noise voltage is likely to 
make appearance in the output of the inverter unit 
63, as a result of which a noise current tends to 
35 flow toward the power source. However, because of 
filtering operation of the filter circuit 53A, influence 
of the noise current to other machines and/or ap- 
paratuses connected to a same power source sys- 
tem can substantially be suppressed. 
40 Now, turning back to Fig. 15, the inverter ap- 

paratus under discussion is intended to be installed 
on a wall of a building. Thus, when the inverter 
apparatus is mounted in a vertical orientation, the 
inverter unit 63 is mounted on the cooling fin unit 
45 55 serving as the base such that the left-hand side 
of the inverter unit 63 as viewed in Fig. 15 is 
positioned at bottom with the right-hand side posi- 
tioned atop. Consequently, the electric wires ex- 
tending from the power source are connected to 
so the terminal board 58 from the top side, while the 
electric wires for the load are led out from the 
bottom side of the output terminal board 2B. 

In the inverter apparatus according to the in- 
stant embodiment of the invention, the inverter unit 
55 63 assembled as a unit and housed within the 
metal case 52 and the noise elimination filter mod- 
ule 53 similarly implemented as a unit and accom- 
modated within the metal case 54 are mounted 
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vertically in juxtaposition on one and the same 
surface of the cooling fin unit 55 by means of the 
screws 61 and 62, respectively. 

As a result of this, the input terminal board 2A 
for the power source located above the inverter unit 
63 and the terminal board 59 below the noise 
elimination filter module 53 are disposed in opposi- 
tion to each other with a possible shortest distance 
therebetween. 

Thus, by virtue of the arrangement mentioned 
above, the length of the conductor bar 60 connect- 
ing the inverter unit 63 and the noise elimination 
filter module 53 to each other can be made shor- 
test without need for any roundabout wiring, where- 
by noise suppression can be realized with very 
high efficiency. 

Since the inverter unit 63 and the noise elimi- 
nation filter module 53 are fixedly secured onto the 
cooling fin unit 55 in common, the positional rela- 
tion between them is positively prevented from 
changing even upon installation of the inverter ap- 
paratus, whereby characteristics of the latter can 
be protected against change or degradation while 
ensuring a high noise suppression function for the 
inverter apparatus 42. 

In the inverter apparatus now under consider- 
ation, the screw 39 is threaded screwwise into the 
cooling fin unit 55 to serve as a terminal for allow- 
ing connection of a ground or earth line. 

Namely, by connecting the screw 39 to the 
earth, the cooling fin unit 55 can easily be con- 
nected to the ground potential thereto. 

On the other hand, the noise elimination filter 
module 53 is fixedly mounted on the cooling fin 
unit 55 by the screws 62. Thus, the metal case 54 
is grounded via the screws 62 and hence the 
capacitor C1 constituting a part of the filter circuit 
is positively grounded via the internal earth line 
53D. as shown in Fig. 16. Owing to this arrange- 
ment, the noise suppressing function of the noise 
elimination filter module 53 can positively be en- 
sured. 

As can be seen from Fig. 15, the cooling fin 
unit 55 is manufactured through an extrusion mold- 
ing. Accordingly, the length A in the extruding 
direction shown in the figure can be selected rather 
arbitrarily without changing the extrusion die. 

Thus, by selecting the width B1 of the inverter 
unit 63 and the width B2 of the noise elimination 
filter module 53 such that the condition: 

B1 2 B2 

is satisfied, the cooling fin unit 55 can be manufac- 
tured with optimal lengths simply by changing the 
dimension A for both the case where the inverter 
unit 63 is solely used without combination with the 
noise elimination filter and the case where the 



inverter unit 63 and the noise elimination filter 
module 53 are implemented in an integral struc- 
ture. 

Thus, the inverter apparatus according to this 

5 embodiment can easily and inexpensively manu- 
factured for the application where no noise elimina- 
tion filter is required. 

It is further, noted that since the cooling fin unit 
55 is enlarged by an amount corresponding to the 

70 size of the noise elimination filter module 53, the 
heat dissipation effect can correspondingly be en- 
hanced. Thus, by using a fin structure designed for 
a low rated inverter, the inverter apparatus 42 of a 
greater capacity can be realized. 

75 For interconnection of the inverter unit 63 and 

the noise elimination filter module 53, there is used 
the conductor bar 60 which can previously be 
manufactured by stamping a copper sheet or the 
like with high dimensional precision. Thus, the as- 

20 sembling procedure can be much simplified when 
compared with the case where the inverter unit 63 
and the noise elimination filter module 53 are con- 
nected by using the electric wires and terminal 
members. 

25 Figures 17A and 17B show in a top plan view 

and a side view, respectively, another embodiment 
of the invention which is also directed to a com- 
bination of the inverter unit 63 and the noise elimi- . 
nation filter module 53. In the case of the inverter 
30 apparatus described above by reference to Fig. 15, 
the noise elimination filter module 53 is disposed at 
the power source side of the inverter unit 63. By 
contrast, in the inverter apparatus shown in Fig. 17, 
the noise elimination filter module 53 is disposed at 
35 the output side (load side) of the inverter. Accord- 
ingly, when the inverter apparatus according to the 
instant embodiment is installed vertically with the 
left-hand side as viewed in Fig. 17 being positioned 
at bottom with the right-hand side atop, the inverter 
40 unit 63 is mounted on the cooling fin unit 55 
serving as the base at the right-hand side while the 
noise elimination filter module 53 is positioned at 
the left-hand side. Except for this positional dif- 
ference, the inverter apparatus shown in Fig. 17 is 
45 substantially same as that shown in Fig. 15. 

Accordingly, in the inverter apparatus shown in 
Fig. 17, the output terminal board 2B of the inverter 
unit 63 for load is connected to the terminal board 
58 of the noise elimination filter module 53 by the 
so conductor bar 60. 

The electric wires extending from the AC pow- 
er source are connected to the input terminal board 
2A of the inverter unit 63 disposed atop, while the 
electric wires leading to the load are connected to 
55 the terminal board 59 of the noise elimination filter 
module 53. The inverter apparatus shown in Fig. 17 
can advantageously be employed for the applica- 
tion where the load is to be protected against 
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influence of noise. 

Figures 18A and 18B show, respectively, in a 
top plan view and a side elevational view an in- 
verter apparatus including a combination of the 
inverter unit 63 and the noise elimination filter 
module 53 according to yet another embodiment of 
the invention. 

In the inverter apparatus according to this em- 
bodiment, noise elimination filters are provided at 
the AC power source side of the inverter unit 63 
and at the load side, respectively. More specifi- 
cally, an input-side noise elimination filter module 
53 and a load-side noise elimination filter module 
53 are mounted on the cooling fin unit 55 above (at 
the right-hand side of) and beneath (at the left-hand 
side of) the inverter unit 63, respectively. 

The inverter apparatus according to the instant 
embodiment of the invention is advantageous in 
that the inverter unit can be mounted with a small 
number of securing screws and that any especial 
consideration need not be paid to the wiring for 
grounding, notwithstanding of the fact that two 
noise elimination filters are used, wherein influence 
of harmonic noise and radiation noise of the in- 
verter apparatus 42 can sufficiently be suppressed. 

Figures 19A, 19B and 19C show in a top plan 
view, a side elevational view and a bottom plan 
view an inverter apparatus including a combination 
of the inverter unit 63 and a noise elimination filter 
53. 

The inverter apparatus according to this em- 
bodiment of the invention differs from the appara- 
tus shown in Fig. 18 in that in place of the metal 
cases 52 and 54 provided for the inverter unit 63 
and the two noise elimination filter modules 53, a 
metal cover 64 for housing in common both the 
inverter unit 63 and the noise elimination filter 
module 53 is employed. 

Since the inverter unit 63 as well as the noise 
elimination filter modules 53 disposed at both sides 
thereof, inclusive of the conductor bar 60, are whol- 
ly covered by the metal cover 64, not only noise 
emitted from the inverter unit 63 can positively be 
shielded but also the inverter unit 63 can be pro- 
tected against influence of external electric field 
and magnetic fields. Thus, the inverter apparatus 
can enjoy a high insusceptibility to noise. 

The metal cover 64 can be employed in the 
inverter apparatuses shown in Figs. 15 and 17 as 
well. Besides, it can be used in the inverter appara- 
tus shown in Fig. 20, which will be described 
below. 

Figures 20A and 20B show, respectively, in a 
top plan view and a side elevational view an in- 
verter apparatus including a combination of the 
inverter unit 63 and the noise elimination filter 
module. 
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In the case of the inverter apparatus according 
to the instant embodiment of the invention, the 
inverter unit 63 and the noise elimination filter 
module 53 are disposed on the cooling fin unit 55 
5 in juxtaposition in the horizontal direction. 

In this inverter apparatus, the inverter unit 63 
and the noise elimination filter module 53 are elec- 
trically interconnected by using the electric wires 
50 disposed atop of the inverter apparatus. Accord- 
70 ingly, the input connection to the AC power source 
and the output connection to the load are both 
made at the bottom side of the inverter apparatus. 

in the case of the inverter apparatuses shown 
in Figs. 15 to 19, the inverter unit 63 and the noise 
75 elimination filter module 53 are juxtaposed in the 
vertical direction. Accordingly, these inverter ap- 
paratuses are advantageous when space is unavail- 
able in the horizontal or lateral direction upon 
mounting the inverter apparatus on a wall of a 
20 building. By contrast, the inverter apparatus shown 
in Fig. 20 can profitably be mounted in a place 
where available space is limited in the vertical 
direction. 

With the structures of the inverter apparatuses 
25 each including combination of the inverter unit 63 
and the noise elimination filter module 53, as de- 
scribed above by reference to Figs. 15 to 20, the 
terminal board of the inverter unit 63 and that for 
the load can be disposed separately in opposition 
30 to each other with the inverter unit being interposed 
therebetween. By virtue of this arrangement, the 
interconnecting wires for the inverter unit 63 and 
the noise elimination filter module 53 can be short- 
ened to a possible minimum. Additionally, the wir- 
35 ings at the input and output sides of the noise 
elimination filter module 53 can be separated with- 
out difficulty. Furthermore, since the inverter unit 
63 and the noise elimination filter module 53 are 
mounted on the same surface of the cooling fin unit 
40 55. connection to the ground potential can be re- 
alized by using a single common terminal, whereby 
the noise suppression function of the noise elimina- 
tion filter can be exhibited adequately. Thus, there 
is realized the inverter apparatus 42 which can 
45 enjoy an extremely low conduction noise level (ter- 
minal noise voltage level). 

Further, owing to the structure in which both 
the inverter unit 63 and the noise elimination filter 
module 53 are wholly housed within the metal 
so case, the filter function can further be enhanced, 
whereby radiation noise intensity level (electric field 
noise level) of the inverter apparatus 42 can be 
suppressed remarkably. 

Furthermore, because the inverter unit 63 and 
55 the noise elimination filter module 53 can simulta- 
neously be grounded by a single wire via the earth 
terminal, the noise elimination function is not af- 
fected by the grounding condition, whereby reliable 
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noise suppression can constantly be ensured for 
the inverter apparatus 42. 

Consequently, the inverter unit 63 and the 
noise elimination filter module 53 can be disposed 
sufficiently closely to each other irrespective of the 
states in which the inverter apparatus is installed, 
which in turn means that the length of the intercon- 
necting wires can be shortened. Besides, owing to 
the shield effect provided by the cooling fin unit 55, 
filter function can be exhibited adequately. For 
these reasons, the inverter apparatus 42 inclusive 
of the noise elimination filter module can be imple- 
mented in a much miniaturized structure. 

Besides, in the applications where the noise 
elimination filter is not required, the cooling fin unit 
may have only the inverter unit 63 mounted there- 
on. In that case, the manufacturing cost of the 
inverter apparatus can significantly be reduced, to 
a further advantage. 

Claims 

.1. An inverter apparatus (42) comprising at least 
a forward conversion circuit (47), a reverse 
conversion circuit (48), a smoothing capacitor 
(6), an input terminal board (2A) and an output 
terminal board (2B), 

wherein at least said forward conversion 
circuit (47) and said reverse conversion circuit 
(48) are disposed on one surface of a metal 
substrate of a substantially rectangular shape, 
pluralities of terminal members are disposed at 
opposite ends of said metal substrate, respec- 
tively, said forward conversion circuit (47) and 
said reverse conversion circuit (48) as well as 
said terminal members are so molded in an 
integral structure that said input terminal board 
(2A) is formed at said one end with said output 
terminal board (2B) being formed at said other 
end to thereby constitute a main-circuit termi- 
nal board integrated unit (2). 

2. An inverter apparatus (42) according to claim 
1, 

wherein said metal substrate of said main 
circuit terminal board integrated module (2) is 
mounted on a cooling fin unit (1), and a circuit 
substrate (3) packaged with a drive circuit for 
driving said reverse conversion circuit (48) and 
a circuit substrate (8) packaged with a capaci- 
tor (6) for smoothing a DC output voltage of 
said forward conversion circuit (47) and a logic 
module for generating drive signals for said 
drive circuit are sequentially stacked on the 
surface of said metal substrate in opposition to 
said cooling fin unit (1). 



3. An inverter apparatus (42) according to claim 
2, wherein said input terminal board is 
equipped with terminals (P, N) connected to a 
main circuit DC bus, and wherein .connecting 

5 wires (15) extend from said terminals to said 

capacitor (6). = & 

4. An inverter apparatus (42) according to claim 
1, 

70 characterized in that said inverter appara- 

tus further comprises a frame structure (5) of a 
shallow box-!ike shape formed in a portion of a 
case of said inverter apparatus, a capacitor 
accommodating chamber (12) formed internal- 

15 ly of said frame structure, and connecting ter- 

minals capable of being resiiiently mounted 
and removed, and that mechanical mounting of 
said capacitor (6) to said inverter apparatus 
(42) is realized by inserting said capacitor (6) 

20 into said capacitor accommodating chamber 

(12), while electrical connection to said capaci- 
tor (6) is realized by inserting said connecting 
terminals (15A or 25) to electrode, terminals 
(6A) of said capacitor (6). 

25 

5. An inverter apparatus (42) according to claim 
4, 

characterized in that said capacitor accom- 
modating chamber (12) is formed in one wall 

30 internally of said frame structure (5), that an 

aperture is formed in a wall disposed in op- 
position to said one wall, and that a member 
(7) covering said aperture is mounted remov- 
ably from the outside of said frame structure 

35 (5). 

6. An inverter apparatus (42) according to claim 
4, 

characterized in that said connecting ter- 
40 minals (15A or 25) are connected to a main 

circuit of the inverter by way of insulated wires 
(15) or conductor bars (23). 

7. An inverter apparatus (42) according to claim 
45 4, 

characterized in that said connecting ter- 
minals (25) are provided internally of said ca- 
pacitor accommodating chamber (12), and that 
when said capacitor (6) is inserted into said 
so capacitor accommodating chamber (12), said 

electrode terminals of said capacitor (6) are 
brought into engagement with said connecting 
terminals (25) to thereby make said electrical 
connection. 

55 

8. An inverter apparatus <42) according to claim 
4, 

characterized in that said capacitor accom- 
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modating chamber (12) has at least two 
grooves (14) formed therein sequentially at dif- 
ferent positions as viewed in the direction in 
which said capacitor is inserted, and that ca- 
pacitor positioning member (36) is selectively 5 
fitted in one of said grooves. 

9. An inverter apparatus (42) according to claim 
1, 

characterized in that said main cir- 10 
cuitAerminai board integrated module (2) is 
disposed on one surface of a cooling fin unit 
(1) serving as a base, that a noise elimination 
filter (53) is disposed on a same plane as said 
one surface, and that connecting wires (60) is 
between a terminal board (58, 59) of said noise 
elimination filter (53) and ' an input terminal 
board (2A) or an output terminal board (2B) of 
said main circuitfterminal board integrated 
module (2) are position on said one surface of 20 
said cooling fin unit (1). 

10. An inverter apparatus (42) according to claim 
9, 

characterized in that said connection wires 25 
between said terminal board (58, 59) of said 
noise elimination filter (53) and said input ter- 
minal board (24) or said output terminal board 
(2B) of said main circuit/terminal board inte- 
grated module (2) are constituted by conductor 30 
bars. 

11. An inverter apparatus (42) according to claim 
9, 

characterized in that said noise elimination 35 
filter (53) is accommodated together with an 
inverter module (63) within a same metal box 
(64). 

12. An inverter apparatus (42) according to claim 40 
9, 

characterized in that said noise elimination 
filter (53) is disposed at a side opposite to said 
input terminal board of said main cir- 
cuit/terminal board integrated module (2), and 45 
that said terminal board (58, 59) of said noise 
elimination filter (53) is disposed in opposition 
to said input terminal board (2A) or said output 
terminal board (2B) of said main cir- 
cuit/terminal board integrated module (2). so 
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